L aboratory and clinical evidence supports the central role of angiogenesis in the progression of breast cancer. 1,2 Multiple angiogenic factors are commonly expressed by invasive breast cancers; the 121-amino-acid isoform of vascular endothelial growth factor (VEGF) predominates. 3 VEGF stimulates endothelial proliferation and migration, inhibits endothelial apoptosis, induces proteinases that remodel the extracellular matrix, increases vascular permeability and vasodilatation, and inhibits antigen-presenting dendritic cells. 4 Differences in function among the various VEGF isoforms are not well defined, though VEGF-C has a predominant role in lymphangiogenesis, whereas VEGF-A is more potent in inducing vasodilatation and pathologic angiogenesis. 5, 6 Bevacizumab (Avastin, Genentech) is a humanized monoclonal antibody directed against all isoforms of VEGF-A. In a phase 1 and phase 2 study that tested three different doses of bevacizumab monotherapy (3, 10, or 20 mg per kilogram of body weight every 2 weeks) in 75 patients with previously treated metastatic breast cancer, the objective response rate was 9.3%, and 17% of patients had a response or were stable at 22 weeks. The dose of 10 mg per kilogram was suggested for further trials. 7 In a phase 3 trial, the addition of bevacizumab to capecitabine in patients previously treated with anthracyclines and taxanes significantly increased the objective response rate (9.1% vs. 19.8%, P = 0.001) but not progression-free survival (4.2 vs. 4.9 months; hazard ratio for disease progression, 0.98) or overall survival (15.1 vs. 14.5 months). 8 The present trial (E2100) compared paclitaxel alone with paclitaxel plus bevacizumab as initial therapy for patients with metastatic breast cancer.
Me thods

Patient Eligibility
Patients with histologically or cytologically confirmed metastatic breast cancer were eligible if they had not received previous cytotoxic therapy for metastatic disease. Previous hormonal therapy for metastatic breast cancer or cytotoxic adjuvant chemotherapy was allowed. Patients who had received taxane-based adjuvant therapy were required to have had a disease-free interval of at least 12 months after completion of taxane therapy. Those with human epidermal growth factor receptor type 2 (HER2)-positive breast cancer (graded as 3+ according to immunohistochemical analysis or gene amplification by fluorescence in situ hybridization) were eligible only if they had received trastuzumab. Additional inclusion criteria included Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1 and adequate renal, hepatic, and hematologic function. The presence of measurable tumor was not required for inclusion in the trial.
Patients were excluded if they had a history of or radiographic evidence of central nervous system disease; imaging of the central nervous system was required as a screening test. Patients were also excluded if they had had another cancer except basal-cell carcinoma of the skin or in situ cervical cancer within the previous 5 years, major surgery within the previous 4 weeks, or other antitumor therapy within the previous 21 days, or if they currently had a nonhealing wound or fracture, an infection requiring parenteral antibiotics, or clinically significant cardiovascular disease. Patients were excluded if they were currently taking therapeutic anticoagulant agents, nonsteroidal antiinflammatory agents, or more than 325 mg of aspirin daily, but prophylactic low-dose anticoagulant agents were permitted. Concurrent administration of bisphosphonates was allowed.
Local institutional review boards approved the protocol. Written informed consent was required from each patient before screening.
Treatment Plan
All patients received 90 mg of paclitaxel per square meter of body-surface area on days 1, 8, and 15 of every 28-day cycle. The dose was transiently reduced to 65 mg per square meter if any of the following toxic effects occurred: 1000 to 1499 granulocytes per cubic millimeter, 75,000 to 99,999 platelets per cubic millimeter, aspartate transaminase more than 5 but not more than 10 times the upper limit of normal, or 1.6 to 2.5 mg of bilirubin per deciliter (27 to 43 μmol per liter). The dose was permanently reduced to 65 mg per square meter in cases of prolonged granulocytopenia, fever associated with granulocytopenia, bleeding associated with 40,000 or fewer platelets per cubic millimeter, and any platelet count of 20,000 or fewer per cubic millimeter. Paclitaxel was withheld in cases of grade 3 neuropathy and resumed at a reduced dose on resolution to grade T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 357;26 www.nejm.org december 27, 2007 2668 0 or 1. It was permanently discontinued for severe hypersensitivity reactions or for grade 3 or 4 neuropathy lasting more than 3 weeks or recurring after dose reduction.
Patients assigned to combined therapy received 10 mg of bevacizumab per kilogram intravenously on days 1 and 15. Initially, bevacizumab was infused for 90 minutes; subsequent infusions were reduced to 60 minutes and then to 30 minutes, as tolerated. Premedication was optional. Treatment was interrupted for proteinuria (urinary protein excretion, ≥2000 mg per 24 hours). Antihypertensive therapy was administered at the discretion of the investigator. Bevacizumab therapy was not withheld or discontinued for paclitaxel-related toxic effects.
The patients continued therapy until disease progression or prohibitive toxic effects occurred. Patients assigned to combination therapy who discontinued paclitaxel without disease progression (i.e., because of toxic effects or at the discretion of the patient or investigator) could continue bevacizumab monotherapy until disease progression or unacceptable toxic effects occurred. Patients assigned to paclitaxel monotherapy could not receive bevacizumab at any time.
Safety and Efficacy
Clinical status, liver function, and serum creatinine levels were assessed before each cycle. A complete blood count was obtained before each paclitaxel infusion. Dipstick urinalysis was performed before each bevacizumab infusion; a 24-hour urine sample was obtained for 1+ protein on dipstick testing. Toxic effects were graded according to the National Cancer Institute Common Toxicity Criteria (NCI-CTC), version 2.0. Disease status was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) 9 at baseline and every 12 weeks until progression. Quality of life was assessed with the use of the Functional Assessment of Cancer Therapy-Breast (FACT-B) questionnaire at baseline, week 17, and week 33.
Role of the Sponsor
The E2100 trial was conducted under a corporate research and development agreement between Genentech and the National Cancer Institute. Genentech provided bevacizumab and partial funding but did not participate in the design of the study or data collection. Analysis was conducted by the ECOG. The lead author made the decision to publish and wrote the manuscript, which was reviewed by all authors and submitted to Genentech for comment. The authors vouch for the completeness and accuracy of the data.
Statistical Analysis
The primary end point was progression-free survival, defined as the time from randomization to disease progression or death from any cause. In patients with measurable disease, progression was determined by RECIST. In patients without measurable lesions, progression was defined as development of new lesions or "unequivocal progression" of existing lesions. Secondary end points included objective response rate, toxic effects, overall survival, and quality of life.
The study design required enrollment of 685 patients to give full information at 546 progression-free survival events. The design yielded an 85% power to detect a 33% improvement in median progression-free survival (from 6 months to 8 months). The trial included prespecified stopping rules based on toxic effects, a prespecified stopping rule based on evaluation of efficacy after 171 progression-free survival events (at 31% information), and two additional planned interim efficacy analyses, at 50% and 78% information. Stopping rules in favor of the alternative hypotheses were obtained by the one-sided Lan-DeMets error spending rate function corresponding to the O'Brien-Fleming boundary 10 with a one-sided type I error of 2.7%; those in favor of the null hypothesis were based on repeated-confidenceintervals methods. 11 With the futility stopping rules taken into account, the overall type I error
Figure 1 (facing page). Analyses of Toxic Effects and Efficacy.
All treated patients were included in the analyses of toxic effects (Panel A), irrespective of eligibility. All patients meeting eligibility criteria were included in the efficacy analyses (Panel B) according to their randomized treatment assignment. Two eligible patients assigned to paclitaxel plus bevacizumab and six patients assigned to paclitaxel alone never started treatment. Progression-free survival data were censored for patients initiating nonprotocol therapy. CNS denotes central nervous system. T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 357;26 www.nejm.org december 27, 2007
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2670 was expected to be 2.5% or less. With the use of survival data through June 7, 2007, we report the final analysis of progression-free survival and overall survival. Treatment assignments were determined with the use of permuted blocks within strata. Stratification factors included disease-free interval (≤24 months vs. ≤24 months), number of metastatic sites (<3 vs. ≥3), previous adjuvant chemotherapy (yes vs. no), and estrogen-receptor status (positive vs. negative vs. unknown). All eligible patients were included in the efficacy analysis according to their treatment assignment. The primary prespecified analysis for progression-free survival and overall survival was stratified with the use of the log-rank test according to previous adjuvant therapy and disease-free interval. All treated patients were included in the analyses of toxic effects (analyzed as treated), regardless of eligibility.
Time-to-event distributions were estimated by Kaplan-Meier analysis. Cox proportional-hazards methods, with data stratified according to previous adjuvant therapy and disease-free interval, were used to estimate hazard ratios and test for the significance of time-to-event variables. The proportionality assumption was tested by the method of Grambsch and Therneau. 12 Both the objective response rate and toxic effects were compared with the use of Fisher's exact test. Change in quality of life was compared with the use of the Wilcoxon rank-sum test. A pattern-mixture model analysis for longitudinal data with nonignorable missing data was also conducted. 13 All P values are two-sided; confidence intervals are at the 95% level.
R e sult s
Patient Population
We randomly assigned 722 patients to treatment between December 2001 and May 2004. All 711 treated patients were evaluated for toxic effects (Fig. 1A) . Forty-nine enrolled patients (6.8%) did not meet all the eligibility criteria and were excluded from efficacy analyses (Fig. 1B) . Six eligible patients assigned to paclitaxel and two assigned to combination therapy were not treated but are included in the efficacy analysis according to their assignment. The two groups of patients were similar at baseline with respect to demographic and tumor characteristics, except that more patients assigned to paclitaxel alone had either measurable disease or visceral involvement (Table 1) .
Efficacy
There were 624 reported events, and paclitaxel plus bevacizumab significantly prolonged progression-free survival as compared with paclitaxel alone (median, 11.8 vs. 5.9 months; hazard ratio for disease progression, 0.60; P<0.001) (Fig. 2A) . A Cox regression model including treatment (P<0.001) and the interaction between treatment and time (P<0.001) showed that the effect of treatment declined with time. The addition of bevacizumab to paclitaxel significantly improved the objective response rate in all eligible patients (36.9% vs. 21.2%, P<0.001) and in the subgroup of patients with measurable disease at baseline (49.2% vs. 25.2%, P<0.001). At data cutoff, 483 patients had died, the majority (88.8%) from progressive disease. Combined therapy increased the 1-year survival rate (81.2% vs. 73.4%, P = 0.01); however, the median overall survival was similar in the group receiving combined therapy and in the group receiving paclitaxel alone (26.7 months and 25.2 months, respectively; hazard ratio, 0.88; P = 0.16) (Fig. 2B) .
Proportional-hazards models stratified according to disease-free interval and adjuvant chemotherapy were fitted to investigate the effect of bevacizumab on progression-free survival in clinically relevant subgroups of patients (Fig. 3) . The hazard ratios favored combined therapy in all subgroups but did not reach statistical significance in some of the smaller subgroups. The addition of bevacizumab prolonged progression-free survival from 3.0 to 12.0 months (hazard ratio, 0.46; P<0.001) in patients who had received taxanebased adjuvant therapy. The effect of bevacizumab declined significantly with age treated as a continuous variable (P = 0.04). There was no significant interaction between treatment and any other patient characteristic.
Slightly more patients with visceral involvement or measurable disease were assigned to paclitaxel monotherapy than to combination therapy. To investigate the influence of this imbalance and other potential prognostic factors on our results, we conducted a multivariate analysis using the proportional-hazards model, with data stratified according to disease-free interval and adjuvant chemotherapy. We considered the follow- ing covariates: treatment assignment, measurable disease, number of disease sites, estrogen-receptor status, location of disease (visceral only vs. bone only), age (as a continuous variable), race (white vs. other), progesterone-receptor status, menopausal status, and the interactions between treatment assignment and age and time. The final model, which satisfied the Cox model assumption, included treatment assignment (P<0.001), measurable disease (P = 0.03), number of disease sites (P = 0.003), estrogen-receptor status (P<0.001), age (P = 0.02), the interaction between treatment assignment and age (P = 0.02), and the interaction between treatment assignment and time (P<0.001). T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 357;26 www.nejm.org december 27, 2007
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To investigate the influence of patient-or investigator-driven ascertainment bias, we compared the distribution of the interval from the last negative disease assessment with the time of documented progression. The median was 2.8 months in both groups (P = 0.94 by the Wilcoxon two-sample test). Similarly, we found no difference in the proportion of patients with an interval less than 2.5 months (30.1% vs. 31.7%). Finally, we moved all progression-free survival times forward to the next scheduled assessment and recalculated progression-free survival. The results were similar to those of our original analysis (12.8 vs. 6.2 months; hazard ratio, 0.61; P<0.001).
Toxic Effects
The addition of bevacizumab had little effect on the frequency or severity of expected paclitaxelrelated toxic effects (Table 2) . Hematologic, gastrointestinal, and musculoskeletal toxic effects were minimal and similar in both groups. Grade 3 or 4 neuropathy (23.6% vs. 17.6%, P = 0.03), infection (9.3% vs. 2.9%, P<0.001) and fatigue (8.5% vs. 4.9%, P = 0.04) were more frequent in the combination group. Paclitaxel was discontinued at least 3 weeks before disease progression (or before the last disease assessment for patients without progression) in 117 patients treated with paclitaxel (35.9%) and 178 patients treated with paclitaxel plus bevacizumab (51.3%), most commonly because of cumulative toxic effects. The median duration of paclitaxel treatment was 5.1 months in patients treated with paclitaxel alone and 7.1 months in patients treated with combined therapy. Of the patients in the combination group, 74 (21.3%) continued bevacizumab monotherapy for a median of 3.7 months. The Supplementary Appendix (available with the full text of this article at www.nejm.org) lists the reasons for discontinuation of treatment in both groups.
Hypertension was more common in patients receiving bevacizumab and was managed with medical therapy; grade 4 hypertension developed in only one patient, resulting in discontinuation of bevacizumab. Proteinuria was rarely clinically significant. Grade 3 hemorrhage was uncommon and its frequency did not differ between treatment groups; grade 4 hemorrhage was not reported. Thromboembolic events were infrequent overall, but there was a significant increase in cerebrovascular ischemia among patients receiving combined therapy (1.9% vs. 0.0%, P = 0.02). Patients receiving combined therapy were also more likely to report grade 3 or 4 headaches (2.2% vs. 0.0%, P = 0.008).
Quality of Life
The FACT-B questionnaire was completed by 631 patients at baseline, 488 at 17 weeks, and 368 at 33 weeks. There were no significant differences in the mean change in scores from baseline for the FACT-B, the FACT-B subscale, or the Trial Outcome Index 14,15 (the sum of the physical wellbeing, functional well-being, and breast cancerspecific questions in the FACT-B) (Fig. 4) .
Dis cus sion
In this phase 3 trial of paclitaxel plus bevacizumab as the initial treatment of metastatic breast cancer, the safety profile of the combination was similar to profiles reported in previous randomized trials. 8, [16] [17] [18] Most toxic effects were minimal, rarely limited therapy, and did not have a detrimental effect on overall quality of life. 15 We enrolled patients with predominantly HER2-negative breast cancer; no patient received concurrent trastuzumab. Further studies are needed to assess the efficacy of bevacizumab in patients with HER2-positive metastatic breast cancer. 19, 20 In our trial, bevacizumab was not given to patients who had a tumor with a specific mo- Hazard ratios favor the addition of bevacizumab in all clinically relevant patient subgroups. Only the interaction between treatment assignment and age (treated as a continuous variable) was significant (P=0.04), a result indicating that the effect of bevacizumab declined with age. There was no significant interaction between treatment and any other patient characteristic, suggesting that benefit was not limited to any particular subgroup of patients. The size of the squares is proportional to the size of the subgroup. CI denotes confidence interval, ER estrogen-receptor status (positive or negative), and PR progesterone-receptor status (positive or negative). lecular phenotype. Although benefit was seen across a number of clinically important subgroups, our results would be strengthened by the ability to identify patients most likely to benefit from VEGF-directed therapies.
In a previous phase 3 study, the addition of bevacizumab to capecitabine significantly increased the objective response rate but not progression-free survival or overall survival. 8 What might account for the different results in these trials? It seems unlikely that chance could account for the improvement in progression-free survival found in our trial. Investigator or patient bias, always a consideration in open-label studies, is unlikely to explain our results. If such biases had a large role, we would have expected to see a greater improvement in patients with nonmeasurable lesions, where disease assessment is necessarily subjective. Actually, the hazard ratio was more favorable in patients with measurable disease than in those with nonmeasurable disease (0.55 vs. 0.68).
Substantial differences between the patient populations of these studies may account for the disparate results. All patients in the earlier study had received previous anthracycline and taxane * Toxic effects are graded according to the National Cancer Institute Common Toxicity Criteria, version 2.0. The worst grade considered at least possibly related to treatment is given. The only patients with grade 5 events were one patient in the paclitaxel-plus-bevacizumab group with a ruptured diverticulum, one in the paclitaxel-plus-bevacizumab group with erosion in an area of bowel-wall involvement, and one in the paclitaxel group with left ventricular dysfunction. All three events were considered by the treating investigators to be unrelated to therapy. The P values are for the differences between the treatment groups for grades 3, 4, and 5 combined. therapy, and most (more than 85%) had received chemotherapy for metastatic disease. 8 In contrast, 35.2% of our patients had not received any previous chemotherapy, and only 13.2% had received both an anthracycline and a taxane as adjuvant therapy. A recent phase 2 trial found a median time to disease progression of only 5.7 months (95% confidence interval, 4.9 to 8.4) with capecitabine plus bevacizumab as initial chemotherapy. 21 Perhaps paclitaxel is uniquely synergistic with bevacizumab. Indeed, the taxanes have distinct antiangiogenic activity. 22 In preclinical studies, VEGF protected endothelial cells from the antiangiogenic properties of docetaxel; bevacizumab overcame this protective effect in vitro and in vivo. 23 Despite a striking improvement in progressionfree survival, the addition of bevacizumab did not prolong overall survival in this study. Patients with metastatic breast cancer frequently receive multiple therapies during the course of their disease. Data on treatment administered after progression were not collected in this trial, precluding an exploratory analysis of the influence of subsequent therapy on overall survival. Though the mechanisms of resistance to bevacizumab are not well defined, 24,25 it is possible that resistance to bevacizumab results in relative resistance to subsequent therapies. Alternatively, rebound increases in VEGF on discontinuation of bevacizumab could result in more aggressive disease. Resistance to paclitaxel, whether mediated by increased expression of the multidrug resistance protein 26 or by microtubule mutations, 27 could also cause resistance to subsequent chemotherapy.
We found that treatment with bevacizumab early in the course of metastatic breast cancer, when angiogenic pathways are less redundant, improved progression-free survival and the objective response rate. Although our patients were receiving their first treatment for metastatic breast cancer, only a third had never received any chemotherapy. More than 80% had overt visceral involvement, presumably with an established vasculature. In short, first-line therapy for metastatic breast cancer is not "early" in the natural history of breast cancer. Recent laboratory studies suggest that the initial events in the development of metastasis are 
